[bookmark: _GoBack]3GPP TSG RAN WG1 #106-e                                          	       R1-2107922
e-Meeting, August 16th – 27th, 2021

Agenda Item:	8.5.3
Source:	Xiaomi 
Title:                     Accuracy improvements for DL-AoD positioning solutions  
Document for:	Discussion and Decision

Introduction
[bookmark: _Hlk57059470][bookmark: _Hlk57059510]In RAN-91 meeting, the work item of NR Positioning enhancements [1] was approved. The detailed specific objectives on accuracy improvements for DL AoD can be seen as follows:
· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
There are some agreements in RAN1-104b e-meeting [2].
Agreement:
Regarding support of angle calculation enhancement for DL-AoD:
· Support gNB providing the beam/antenna information to the LMF.
· The gNB beam/antenna information can be provided to the UE for UE-based DL-AoD
· FFS: the details of contents of the beam/antenna information
· FFS: the details of how to provide the beam/antenna information.
· Note: The antenna information is related to reducing the overhead of beam information
· Send an LS to RAN2/RAN3 regarding the option of angle report from gNB to LMF for UE-A DL-AoD requesting them to consider this option in Rel-17.
Agreement:
Support the following enhancements under UE capability for both UE-B and UE-A DL-AOD positioning method 
· Enhancing the signaling to UE for the purpose of PRS resource(s) measurement and (for UE-A) report 
· FFS: The detailed signaling (e.g, the boresight direction for UE-A DL-AoD, further spatial information of PRS resources, processing prioritization of PRS resources)
· FFS: The following options
· Option 1: Enhancing the reporting to include the measurements of adjacent beams PRS resources that related with each other indicated by the assistance data.    
· Option 2: UE can be requested to measure and report on specific PRS resources  
Agreement:
· For the purpose of both UE-B and UE-A DL-AoD, and with regards to the support of AOD measurements with an expected uncertainty window, study further whether to support at most one of the following options:
· Option 1: Indication of expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s) is signaled by the LMF to the UE
· Single Expected DL-AoD/ZoD and uncertainty (of the expected DL-AoD/ZoD value) range(s) can be provided to the UE for each [TRP]
· Option 2: Indication of expected DL-AoA/ZoA value and uncertainty (of the expected DL-AoA/ZoA value) range(s) is signaled by the LMF to the UE 
· Single Expected DL-AoA/ZoA and uncertainty (of the expected DL-AoA/ZoA value) range(s) can be provided to the UE for each [TRP]
· Option 3: Indication of expected AoD/ZoD or AoA/ZoA value and uncertainty is not introduced.
· FFS: details of signaling
· FFS: Applicability of this agreement to other Positioning methods
There are some agreements in RAN1-105 e-meeting [3].
Agreement:
For both UE-based and UE-assisted DL-AOD, the UE can be requested subject to UE capability to measure and report (for UE-assisted) the PRS RSRP of the first path
· FFS: Details of measurement and reporting of PRS RSRP of the first path
Agreement:
For UE-assisted DL-AOD positioning method, select one or more of the following to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting:
· Option 1: the LMF explicitly identify adjacent beams in the assistance data (AD)
· Option 2: the LMF send the beam information in the AD with an order of priority of PRS resources.  
· Option 3: the LMF includes boresight direction information for each PRS resource in the assistance data. 
· Option 4: the LMF send the beam information in the AD with indicated subset of PRS resources.
· FFS: Detailed signaling and procedure
· FFS: How to define adjacent beams  
Agreement:
For the beam/antenna information to be optionally provided to the LMF by the gnodeB, select one or more of the following:
· Option 1: the gNB reports the antenna configuration including at least the following parameter:
· the number of antenna elements (vertical and horizontal) 
· antenna spacing dh and dv
· FFS: For DFT-based beams, precoder information for each PRS resource
· Check whether the already reported boresight directions are sufficient, or whether more information is needed
· FFS: Antenna Element pattern Information
· FFS: Details
· FFS: If additional information about panel/orientation is needed
· Option 2: the gNB reports a mapping of angle and beam gains for each of the PRS resources.
· FFS: representation of the mapping (e.g. parametric function approximating the beam response, or gain/angle table, beamwidth, intersection point of multiple beams (angle, RSRP)intersection point)
· Other options are not precluded
· In either option, the gNB beam/antenna information can optionally be provided to the UE by the LMF for UE-based DL-AoD
Agreement:
· For both UE-based and UE-assisted DL methods, at least for two-stage PRS beam sweeping, study further at least the following:
· Enhancements in the association between resources belonging to two DL PRS resource sets of the same TRP
· Companies are encouraged to evaluate whether other potential enhancements in this subagenda or other subagendas (e.g. additional beam information, on-demand PRS framework) could be used to enable this feature (potentially by implementation). 
· Note: Two-stage PRS beam sweeping corresponds to different DL PRS resource sets
In this contribution, we want to discuss about accuracy improvements for DL-AoD positioning solutions.  
Improvements for DL-AoD positioning solutions 
Adjacent PRS resources measurement/report 
As agreed in RAN1-105e meeting, there are four Options to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting. With Option 1, LMF send the beam information explicitly identify adjacent beams in the assistance data (AD). From our point of view, the straight forward way to solve this problem is to predefine the adjacent PRS resources by resource index. With this method, no additional signaling is needed to provide this information.
Proposal 1: Adjacent PRS resources can be predefined by resource index.
With Option 2, the LMF send the beam information in the AD with an order of priority of PRS resources. But how does gNB know which PRS should be configured with the highest priority without PRS measurement report? There is the same problem in Option 4. Without PRS measurement report, gNB does not know which PRS resource can be configured into a subset. As for Option 3, the LMF includes boresight direction information for each PRS resource in the AD. We think it has same target as the indication of expected DL-AoD/ZoD value. Thus it can be discussed as another issue in section 2.2.
Uncertainty window indication for DL AoD  
In order to reduce the measurement time and improve the accuracy, similar to UL AoA, an expected uncertainty window for DL AoD was discussed in RAN1-104b e-meeting. First we think it is necessary to indicate of expected uncertainty window for DL AoD in the case of no beam measurement report. With the indication of expected uncertainty window, UE can only measure the PRS resource within a limited receiving angle window, which can save UE’s power consumption and PRS measurement time. Then for Option 1 and Option 2, if it is a LoS path, there is no difference for Option 1 and Option 2. But for NLoS Path, without beam measurement report, gNB does not know DL AoA. Thus gNB can only provide DL AoD to UE through LMF. But UE does not know how to use this information without beam measurement. Thus we slightly prefer Option 1.  
Proposal 2: Slightly prefer Option 1 for LoS path. 
· Indication of expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s) is signaled by the LMF to the UE.
Additional gNB’s beam/antenna information
As for the beam/antenna information to be provided to the LMF by the gNB, there were two Options agreed in last RAN1 meeting. Option 1 supports the gNB reports the antenna configuration including the number of antenna elements and antenna spacing. With this information, UE or LMF can obtain an expected PRS RSRP in different location. And to derive the UE location by comparing the expected PRS RSRP and the measured PRS RSRP. With this Option, the signaling overhead will be not too large. While with Option 2, the gNB reports a mapping of angle and beam gains for each of the PRS resources, with which the signaling overhead will be very large. It is necessary to consider the tradeoff between the positioning accuracy and the signaling overhead. Thus we prefer to support Option 1 for UE-A and UE-B DL AoD positioning, and further discuss the signaling overhead reduction for Option 2.
Proposal 3: Prefer Option 1 for UE-B DL AoD positioning for the beam/antenna information provided by gNB.
Angle error for DL AoD  
DL AoD depends on PRS RSRP measurements and the angle of departure. The angle of departure is the angle related to the gNB’s transmission beam of the DL PRS. But during the transmission, each gNB may introduce an uncertain error in their beam based transmission. With the estimated angle of departure based on the beam error, it is difficult to get a location with higher accuracy.   
In order to improve the accuracy of DL AoD, it is necessary to estimate the angle error of the transmission beam and cancel it. Since different DL PRS is configured with different transmission beam, and the gNB needs to change the transmission beam over time. Thus the angle error with different transmission beam may be different and varied over time. It is difficult to estimate the angle error of each beam with short latency. One possible way is to use a reference node, whose accurate location is known. The reference node will perform the same measurement on DL PRS and feedback the measurement results together with its accurate location to the LMF. The LMF can calculate the estimated location of the reference node, and obtain the angle error based on the comparison of the estimated location and the accurate location of the reference node. Then, during the location estimation of required UE, LMF can calculate an accurate angle of departure by canceling the angle error. 
Proposal 4: Estimate the angle error by a reference node whose accurate location is known.

Conclusion
In this contribution, we discussed about accuracy improvements for DL-AoD positioning solutions. Based on above discussion, we provide the following proposals.
Proposal 1: Adjacent PRS resources can be predefined by resource index.
Proposal 2: Slightly prefer Option 1 for LoS path. 
· Indication of expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s) is signaled by the LMF to the UE.
Proposal 3: Prefer Option 1 for UE-B DL AoD positioning for the beam/antenna information provided by gNB.
Proposal 4: Estimate the angle error by a reference node whose accurate location is known.
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